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Near an Auroral Arc

R. W. EastEs,! T. L. KILLEEN,2 Q. Wu,2J. D. WINNINGHAM,? W. R. HOEGY,*
L. E. WHARTON,* AND G. R. CARIGNAN?

Observations of thermospheric parameters, made from the Dynamics Explorer 2 (DE 2) spacecraft
during three successive orbital crossings of a quiescent dusk sector auroral arc, have been compared
with the predictions of three fine-grid auroral arc models. DE 2 measured the ion and neutral winds.,
electron and neutral temperatures, neutral composition, and energetic auroral electron spectra (S eV
to 32 keV) at ~320 km altitude. These observations were at high spatial and temporal resolution,
suitable for comparisons with the models. The observed zonal and meridional neutral winds near the
arc were greater than the model predictions, probably because of the presence of stronger electric
fields and higher ion and neutral densities during the observations than were used in the models. The
measured vertical winds were also larger than the corresponding model values. The DE 2 composition
measurements showed a local increase of the N,/O ratio in the arc, which is interpreted to be a result
of the upward motion of N,-rich air. A reduction in the measured neutral temperature of ~100 K in
the arc, relative to temperatures on either side, was found for ail three arc crossings. Of the three
theoretical models examined, only one shows any tendency for the neutral thermospheric temperature
to drop in the auroral arc, and the decrease calculated is significantly less than the observed
temperature change. A simple calculation of the adiabatic cooling effect of the observed upward
motion yields a temperature drop of ~160 K, comparable with the observed temperature reduction
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(~100 K).

1. INTRODUCTION

Large-scale numerical modeling of the response of the
neutral thermosphere to high-latitude ion convection [e.g.,
Cole, 1971, Dickinson et al., 1971; Fedder and Banks, 1972;
Heaps and Megill, 1975; Maeda, 1976; Straus and Schulz,
1976; Mayr and Harris, 1978; Volland, 1979; Rees et al.,
1980, 1984a, b, 1985a, b; Fuller-Rowell and Rees, 1981;
Mikkelsen et al., 1981a, b; Dickinson et al., 1981; Roble et
‘al., 1982, 1988a, b: Larsen and Mikkelsen, 1983; Mikkelsen
and Larsen, 1983; Walterscheid and Boucher, 1984; Killeen
and Roble, 1984; Fuller-Rowell et al., 1987; Roble and
Ridley, 1987] has successfully explained many of the exper-
imental observations of the neutral wind [e.g., Nagy et al.,
1974; Hays et al., 1979; Pereira et al., 1980; Heppner and
Miller, 1982; Killeen et al., 1982, 1984, 1986; Hays et al.,
1984; Sica er al., 1986; Meriwether et al., 1988; Hernandez
and Killeen, 1988; Killeen and Roble, 1988). The primary
auroral sources of thermospheric momentum and energy are
ion drag and Joule heating, respectively. These are often
characterized by great spatial and temporal variability. Be-
cause of computer time limitations, the large-scale, three-
dimensionai, numerical models cannot fully resoive the
small-scale structures in ion drag and Joule heating associ-
ated with discrete auroral features. Therefore these models
cannot hope to predict the local thermospheric response
accurately. This limitation has prompted the development of
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high-resolution (~10 km) two-dimensional models of the
thermosphere near auroral arcs.

The first of these models, published by St. Maurice and
Schunk [1981], solved the magnetohydrodynamic equations
to simulate the neutral thermospheric response to narrow ion
convection channels and plasma density troughs. More
recently, Fuller-Rowell [1984, 1985] and Walterscheid et al.
[1985] have independently developed nonlinear high-
resolution dynamical models. These models will be referred
to by the labels SS, FR, and WLT, respectively. All three
models simulate. in two dimensions, the dynamical response
of the thermosphere to narrow auroral arcs. The auroral
features were given different latitudinal widths in each case
(100 km in the SS model, 60 km in the WLT model, and 100
and 500 km in the FR model).

Unfortunately, there is a lack of published experimental
data suitable for comparison with the predictions of these
dynamical models. Rocket measurements are not suited to
the spatial or long-term temporal coverage needed. Satellites
have not typically been instrumented to characterize both
the auroral arcs themselves and the thermospheric response
to the localized forces associated with those arcs. The
Dynamics Explorer (DE 2) satellite provided such a data
base, with sufficient spatial and temporal coverage to inves-
tigate the local energy and momentum sources as well as the
dynamical, compositional, and thermal response of the am-
bient atmosphere. The primary purpose of this paper is to
present a study of the high-spatial-resolution (~8 km) ther-
mospheric wind, temperature, and composition data from
DE 2 for a quiet auroral arc crossing. The secondary purpose
is a comparison of these experimental results with predic-
tions from the three high-resolution dynamical models.

In the next section we briefly describe the basic assump-
tions, input parameters, geometric configurations, limita-
tions, and output resuits of the three theoretical models. The
model discussion is followed, in section 3, by presentation of
the high-resolution DE 2 data. In section 4 the DE 2 data and
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Fig. 1. The latitude profiles of the electric fields used in the
models by St. Maurice and Schunk {1981) (SS), Fuller-Rowell (1984,
1985] (FR), and Walterscheid et al. (1985) (WLT). The distances are
from the center of the arc.

theoretical model results are critically compared. Finally, in
section 5 the results of the study are summarized.

2. THEORETICAL MODELS

All three models of the thermosphere near an auroral arc
[St. Maurice and Schunk, 1981 (SS); Fuller-Rowell, 1984,
1985 (FR); Walterscheid et al., 1985 (WLT)] were two
dimensional, assuming zonal symmetry along the arc. Each
model calculated the dynamical response of the neutral
atmosphere to given auroral distributions of electric charge,
electric field, and precipitating energetic particles. The mod-
els predicted the neutral wind velocities, temperatures, and
compositional perturbations, quantities that were measured
by instruments on DE 2.

2.1. Model Descriptions

The pioneering model of St. Maurice and Schunk {1981)
solved the zonal and meridional momentum equations, ne-
glecting the nonlinear inertial (or advective) terms. Omitting
these terms restricted the applicability of the SS model to
subsonic flows. Two other assumptions further limited the
range of applicability. First, the SS model did not consider
the coupling of the momentum equation with the continuity
or energy equation and did not treat vertical motions,
restricting the self-consistency of the solution. Second, the
SS model was not time dependent and therefore provided

EASTES ET AL.: THERMOSPHERIC STRUCTURE NEAR AN AURORAL ARC

only a steady state solution for the dynamical response of the
thermosphere to ion drag forcing. St. Maurice and Schunk
estimated that the time taken to reach a steady state would
typically be a few hours.

For the results shown here, the SS model used an electric
field with a latitudinal variation ~epresented by the dashed
line labeled SS in Figure 1. Other input parameters used in
the model are given in Table t, with those for the FR and
WLT models and the DE 2 observations discussed below. At
an altitude of 320 km a charge density of 9 x 10* cm ™ was
used within 75 km of the center of the arc, dropping by a
factor of 10 at greater distances from the arc. The neutral
atmosphere used was based on the Jacchia [1964] model,
with an exospheric temperature (T.) of 1400 K.

Unlike the earlier SS model, the WLT and FR models
were both nonlinear and time dependent and included the
coupling of the momentum, continuity, and energy equa-
tions. The time-dependent feature of the WLT and FR
models allowed the evolution of the atmospheric response to
discrete auroral structures to be followed. Both these models
solved the meridional, zonal, and vertical momentum equa-
tions. The FR model used pressure coordinates ( Zmy, =350
km) and also calculated the compositional response of the
atmosphere, treating three gas species: O, N,, and O,. The
WLT model used Cartesian coordinates ( zy,, = 240 km) and
allowed for variation of composition-dependent quantities.

The electric field used by the FR model is shown in Figure
1 as a dotted line. This line represents the Gaussian latitu-
dinal profile (1° full width at half maximum (FWHM))
assumed for the electric field. The FR model used ion
densities from the Chiu [1975] model except beiow 200 km
when within the arc, where an enhancement was added. At
320 km the ion density used was ~10° cm >,

The electric field configuration used by the WLT model is
represented by the solid line in Figure 1. The electric field
that WLT used. unlike the other models, changed sign at the
center of the convection channel. This electric field variation
was considered by Walterscheid et al. {1985] to be signifi-
cantly more realistic than that used by Fuller-Rowell. At 240
km (the highest altitude for which the published model
results were shown), WLT used an ion density of ~4 X 10°
cm ~* within 35 km of the center of the arc, dropping by a
factor of 2 at distances further from the arc. Elsewhere,
WLT used ion densities from the Chiu [1975] model.

TABLE 1. Modet! Input Parameters

Parameters SS FR WLT Data
E nax» mV/m 100 50 40 50-75
Nimax, cm ™3 9 x 10** 2 x 10+ 6 x 10°t

9 x 10% 2 x 10%% 4 x 10°4
T.. K 1400 700 1000 1200
Elapsed time to equilibrium, hours NA 3 { 1.5
A7, K 8* 7% =304 - 100t
U max (zonal, m/s) 200* 300* 300-600t
2208 - 240t 220%

Vmax (meridional, m/s) NA i3t 16t
W, mex (vertical, m/s) NA 101 20% <30t
Mean mass (inside arc/outside arc) 1.02

Electric fields for the three models are shown in Figure 1. Three center dots mean that the value was

not specified by the model. NA is not applicable.

*Values at 320 km altitude,

tMeasurements between 310 and 330 km altitude.

$Values at 240 km altitude.
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The SS model used an exospheric temperature of 1400 K
(based on the Jacchia [1964] model), and the WLT model
used the U.S. Standard Atmosphere (1976) model, which has
an exospheric temperature of 1000 K. The FR model used a
significantly lower exospheric temperature of ~700 K.

2.2. Model Results

The results of all three dynamical models were (as ex-
pected) dependent upon the input parameters: neutral den-
sity, electric fields, and charge distribution as well as (for the
two time-dependent models) the elapsed time. Therefore
differences in the results are expected to be due to both
variation of the input parameters and differences in the
model formulations. Any detailed comparison between indi-
vidual models and experimental data must account for
variations in these parameters. However, the gross charac-
teristics of the neutral temperature variations and vertical,
zonal, and meridional neutral winds predicted by the models
can be compared fruitfully with the DE 2 data. The following
is a brief review of the published results from the theoretical
models when using the input specifications summarized in
Table 1.

The FR and WLT models predicted that the thermo-
spheric temperature near the auroral arc would rise by <30
K at altitudes of 320 km (FR) and 240 km (WLT), respec-
tively. The WLT model predicted a 10- to 28-K overall
increase in the neutral temperature at the location of the arc
itself relative to temperatures on either side (see Figure 9a of
Walterscheid et al. [1985]). The FR model predicted a ~7-K
(or less) temperature increase at 320 km after 3 hours. The
auroral heating of the thermosphere predicted by the models
could lead to thermospheric composition perturbations. The
FR model was the only one of the three to include specific
calculations of the composition variations and predicted
increases of a factor of ~1.02 in the mean molecular mass at
320 km for the simulated dawn sector auroral arc. No
calculations were published for the dusk sector.

Weak vertical and meridional winds were predicted by the
theoretical models. The maximum vertical wind values
(W max) predicted by the WLT and FR models within the arc
were ~ 10 m/s near altitudes of 240 and 320 km, respectively.
As mentioned above, the SS model did not provide calcula-
tions of vertical winds. The FR model predicted a maximum
meridional wind value (V,,,) of ~40 m/s at 320 km, while
WLT predicted a V 5, of ~16 m/s at 240 km. The SS model
significantly overestimated the meridional wind, presumably
because it neglected the pressure gradient forces [Walter-
scheid et al., 1985].

The strongest winds predicted were in the zonal direction.
The SS model predicted maximum zonal winds (U,,,,) of
~200 mv/s at 320 km. The FR model predicted a U, of ~300
m/s at 320 km in the dusk sector 3 hours after the initiation
of the arc. The FR model also showed a tendency for U,
to increase with an increase in the width of the simulated arc.
For an arc width of 5° FWHM, the FR model predicted a
larger Up,, (~480 m/s at 300 km after 3 hours). The WLT
model predicted a U ,,, of ~220 m/s at 240 km after 1 hour.
Fuller-Rowell [1985] pointed out that the zonal winds would
not necessarily increase with increasing electric fields owing
to the counteracting effects of the stronger cross-channel
meridional winds.

The SS model used lower ion densities but strong electric
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fields and higher neutral densities than the other two models.
However, all three models predicted zonal winds of the
order of a few hundred meters per second near 300 km for
elapsed times of the order of hours. The stronger winds
predicted by the FR model may be partially a result of lower
atmospheric densities near 300 km when T,, = 700 K. Weak
(~20 m/s) vertical and meridional winds and a temperature
increase of the order of 10 K in the neutral atmosphere
(relative to the temperatures occurring before the auroral
arc) were predicted by both WLT and FR.

3. EXPERIMENTAL DATA

3.1. Data Selection

Comparison of the models with the DE 2 observations can
be facilitated by using appropriate data selection criteria. Of
particular importance is the spatial resolution of the mea-
surements. Ion winds, energetic electron fluxes, electron
temperatures, and electron densities, for example, are all
known to have significant variations at scale lengths of ~8
km or less. The velocity of the spacecraft is ~8 km/s.
Therefore parameters that vary on this scale (~8 km or less)
need to be measured with a temporal resolution of 1 s or less.
However, lower spatial resolution should be adequate for
the neutral winds and temperatures since they have larger
characteristic scale lengths.

Long-term temporal resolution is also important. The
models treat the development of neutral winds on time scales
of hours; therefore repeated observations of an arc, which is
spatially stable for hours, are desirable for comparison with
the models. Such a quiescent arc would be observable on a
series of orbits since the orbital period for DE 2 was ~1.5
hours. Also, a single discrete arc, being the simplest case, is
preferable to multiple arcs.

The availability of measurements crucial to comparisons
with the models is another factor in data selection. The
Langmuir probe instrument (LANG) (Krehbiel et al., 1981]
measured the electron temperature and ion density. The
electric fields can be determined from the ion winds which
were measured by the ion drift meter (IDM) [Heelis et al.,
1981] and the retarding potential analyzer (RPA) [Hanson et
al., 1981]. The IDM measured the ion winds in the plane
perpendicular to the orbital velocity, and the RPA measured
the wind perpendicular to this plane. The neutral atmosphere
composition spectrometer (NACS) measured the composi-
tion of the neutral atmosphere [Carignan et al., 1981]. The
low-altitude plasma instrument (LAPI) [Winningham et al.,
1981] measured the energetic electron spectrum between 5
eV and 32 keV. Two instruments measured the motion of the
atmosphere resulting from the forcing by the ions. The winds
and temperature spectrometer (WATS) [Spencer et al.,
1981] measured the neutral temperature and the winds in the
plane perpendicular to the satellite velocity vector. The
Fabry-Perot interferometer (FPI) [Hays et al., 1981] mea-
sured the temperature and the neutral winds paraliel to the
satellite velocity vector.

Data from orbits 1847, 1848, and 1849 were selected or the
basis of the above criteria for detailed study. This series of
orbits provided near-complete instrumental coverage, at the
best available temporal and spatial resolution, of the ther-
mospheric parameters associated with a single quiescent
auroral arc observed during December 1981. Experimental
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Fig. 2. Geophysical parameters associated with the observations. The arrows beneath the orbit numbers (1847,
1848, and 1849) indicate 1 hour plus the time at which Dynamics Explorer 2 crossed the auroral oval in the dusk sector.
One hour was added to compensate for the propagation time of the interplanetary magnetic field since the ISEE
satellite, which made the measurements, was between the Sun and the Earth.

data from the LAPI, LANG. IDM, and NACS instruments
were available for these orbital passes at 1-s or better
resolution. Data from the WATS instrument were available
at 2- to 8-s resolution, and data from the FPI instrument were
available at ~16 s resolution. During December 1981 the DE
2 orbit was in the dawn-dusk plane, and the spacecraft
altitude was ~310 km (close to the altitudes considered in
the theoretical models discussed above) when crossing the
arc in the dusk auroral zone.

Various geophysical parameters associated with these
observations are shown in Figure 2. The Kp and Ap indices
indicate that the geomagnetic conditions were quiet during
the observations. The ISEE 3 satellite measurements of the
interplanetary magnetic field (IMF) component magnitudes
are also shown in Figure 2. The arrows beneath the orbit
numbers are calculated from the time of the orbits with a
1-hour universal time (UT) shift incorporated to allow for the
propagation time of the IMF from the ISEE 3 location to the
auroral ionosphere.

All three orbits crossed almost the same region of the
auroral zone. This can be seen in Figure 3, where the tracks
of the satellite are plotted in magnetic coordinates. Also
shown is a Feldstein statistical auroral oval [Feldstein, 1963]
which was computed using Holzworth and Meng's {1975]
mathematical representation of the oval for Q = 2.

3.2. Discussion of the Data

Plate | illustrates the comprehensive DE 2 data set for
orbit 1849, In this plot. time increases from left to right, as
the spacecraft traversed the northern hemisphere high-
latitude region from dawn to dusk. Plate la contains the
LAPI data from the detector designed to measure precipi-
tating electrons at a pitch angle of 45°. As the satellite
crosses the dawn auroral oval (near 0833 UT). numerous
discrete auroral arcs (inverted Vs) can be seen in the

electron spectra. while in the dusk auroral oval (near 0840
UT) there is only one such arc. Plate 15 shows the measured
electron temperature (T,) and ion density (N;} data from the
Langmuir probe. The correlation between the temperature
of the thermal electrons and the intensities of the precipitat-
ing electrons measured by LAPI is evident.

The zonal component of the ion and neutral winds and the
meridional component of the neutral wind are shown in Plate
lc. The familiar pattern of the neutral winds for IMF B,
positive [McCormac et al., 1985] is apparent. In this plot. U;
(zonal ion wind) and U, (zonal neutral wind) positive
velocities are sunward, and for V, (meridional neutral
wind). positive velocities are in the direction of ihe space-

DE - 2 ORBITS 12 LATITUDES OF
1847, 1848, 1849 ARROW POINTS
770, 72.58°, 73°

INVARIANT
LATITUDE 0
HOUR
(LMT)

Fig. 3. Orbits 1847, 1848, and 1849 by Dynamics Explorer 2 are
shown in magnetic coordinates (invariant latitude and magnetic local
time). The shaded area is the Feldstein statistical auroral oval as
parameterized by Holzworth and Meng (1975].
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Plate 1.

Data collected by Dynamics Explorer 2 while crossing the northern polar cap during orbit 1849. (a) The

LAPI data from a pitch angle of 45°. (h) Measurements of electron temperature (7,) and ion density (NV,) by the
Langmuir probe. (¢) The zonal component of the ion {neutral) winds U, (U ,). Positive zonal winds are sunward. The
meridional component of the neutral wind (V) is also shown. and V', positive indicates a poleward wind. (d) The
vertical components of the ion and neutral winds (W, and W, . respectively). and the temperature of the neutral
atmosphere (7,) as measured by the WATS instrument. (¢) The densities of N, and O measured by the NACS
instrument. These densities have been normalized to an aititude of 300 km by assuming hydrostatic equilibrium (see text

for details).

craft velocity vector: therefore V', is poleward in both the

dawn and dusk sectors. This is at least partially a resuit of

the orientation of the orbit relative to the auroral oval. as
shown in Figure 3. and can be seen more clearly in a polar
plot of the neutral winds shown in Figure 4. The maximum
electric field strength, derived from the IDM measurements.
is ~50 m V/m in the dusk sector aurora and ~70 m V/m in
the dawn sector aurora.

The vertical components of both the ion (W;) and neutral

(W,)) winds and the neutral temperatures (T,) measured by
WATS (represented by a blue line) are shown in Plate 1d.
The temperature of the neutral atmosphere increased in the
dawn aurora. but such an increase was not seen in the dusk

sector.

The heating of the neutral atmosphere is reflected by the
increased molecular nitrogen density (relative to the atomic
oxygen density) seen in both the dawn and dusk sectors as
shown in Plate le¢. Heating causes N,-rich lower-altitude air
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1849
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to move upward, resulting in an increase in the N,/O ratio.
These data are from the NACS instrument, and they have
been normalized to 300 km using a barometric law correction
(e ~m9*T where T = 1200 — [1.5 x (geographic latitude)),
in an attempt to remove the altitude dependence of the
densities.

Since the dusk sector avroral arc meets the single-arc
criterion mentioned above, we will discuss the dusk sector
data in more detail. In Figure 5 the data from the quiescent
dusk auroral arc crossing during orbit 1849 have been
expanded and plotted with respect to invariant latitude to
highlight the auroral arc. Figures 6 and 7 show similar data
from the two previous orbits (1848 and 1847, respectively).
For all three orbits, the position of the single broadest peak
in the electron temperature coincided with the peak of the
energetic electron energy deposition rate. During orbit 1849
a strong, isolated peak in T, coincided with elevated inten-
sities of precipitating energetic electrons. The electron tem-
perature enhancements were similar for orbits 1847 and 1848.
The hot electrons between 70° and 75° latitude seen in the first
two orbits (Figures 6 and 7) had almost disappeared by the time
of the arc crossing on orbit 1849 (Figure 5). This change
indicates decreased electron heating in that region.

The electron and ion densities were also measured by the
Langmuir probe. The electron densities in the region around
the discrete auroral arc were similar for all three orbits.
Within = 1° from the center of region of highest energy input
by electron precipitation, the precipitation was correlated
with N, and T,.

The neutral wind patterns and velocities. in the zonal
direction. were almost identical for the first two orbits. The
maximum velocities were between 300 and 400 m/s (Figures
6 and 7). For orbit 1849 (Figure 5) the maximum velocity had
increased to almost 600 m/s. and this peak was poleward (in
magnetic coordinates) of the peak observed on the previous
two orbits. This change in position is attributed to a pole-
ward movement of the zonal component of the ion wind.
From orbits 1848 to 1849 the ion wind pattern shifted
poleward and decreased in speed.

The meridional component of the neutral wind (V,) is
strong (200 my/s) and poleward in both orbits 1849 and 1847
{meridional wind data for orbit 1848 are not available).
Vertical neutral winds (W) in the upward direction were
seen in all three orbits (<~30 nvs).

Fig. 4. Polar plots of the neutral winds measured during orbits 1849 and 1847.

The most unexpected feature of these data was the neutral
atmosphere temperatures. For all three orbits, the lowest
temperatures were correlated with the strongest zonal neutral
wind measured by WATS. For orbits 1847 and 1849 the lowest
observed temperatures were ~ 100 K lower than those temper-
atures observed on either side of the auroral arc. While the
spacecraft crossed the auroral arc, its altitude was decreasing
and had not yet reached a minimum. Thus the observed
temperature minima were not caused by the altitude change of
the satellite. These temperature minima were localized and
were clearly correlated with the location of the discrete auroral
arc. Such a temperature minimum was not seen in the dawn
oval and has not been previously identified. A summary of the
observations during the DE 2 auroral arc crossings is given in
Table 1, along with the results from the model calculations.

4. CompaRrRISONS BETWEEN EXPERIMENTAL DATA
AND THEORETICAL MODELS

As noted earlier, the observed temperature of the neutral
atmosphere (T,) is lower in the dusk sector auroral arc than
in the adjacent atmosphere. This decrease is seen in all three
orbits, and the minimum in T, is correlated with the maxi-
mum in the zonal component of the neutral wind (U,; see
Figures 5, 6, and 7).

Fuller-Rowell [1985] and Walrerscheid et al. [1985] pre-
sented latitudinal profiles of the neutral temperature pertur-
bations in their models. Both predicted higher temperatures
in the presence of an auroral arc. The WLT model. however,
did predict a local temperature minimum in the center of the
arc at 220 km. relative to temperatures outside the arc. But
this neutral temperature minimum was only a few degrees
lower than the adjacent temperature values (see Figure 9a of
Walterscheid et al. [1985]), and it was not seen after ~10
min. The minima observed at higher altitudes (310-330 km)
were an order of magnitude greater than predicted by the
model. The observed minima were ~100 K below adjacent
values. The WLT model is reported to yield such a minimum
at higher altitudes (L. Lyons, personal communication.
1989). According to WLT. this temperature reduction is due
to adiabatic cooling of the atmosphere resulting from *‘over-
shoot™” of parcels that have been accelerated upward by
buoyancy forces or by the converging meridional flow. The
strongest upward wind in their model was about 15 m/s, at




- .

EASTES ET AL.: THERMOSPHERIC STRUCTURE NEAR AN AURORAL ARC

10,545

Qin
(ergaicm *24)

NTTC GRAM]

Pri - T4
Ui .aourieed

3000
£ 2000
P
1000
"Zo,_’;s
:_54
=
T2
@
E
(3
=)

Acesea3lon For

1«

(

. Justifieation

By

| _Distributien/

vn(m/s)

R h,

8888

&
11

Dist

-~

"0
T

=

2 @

E 50 - s0 2

g E
3 25 = 25

100

11

{ A ig\b

!' Avellability Codes
. TAvail amd/or
$pecial

ToK)

-25

n(O)/ﬂ)’a
{cm3)

3

o

=

z'

€
w 85 80 75
uT 8.65 8.67
ALT 3N 321
MLT 16.9 173
GLAT 87 81

Fig. §.

An expanded plot of the data from the dusk auroral oval during orbit 1849. In the top panel the total energy

70 65 60 (DEG)
8.70 8.72 874 (HR)
314 308 305 (KM)
175 17.6 17.7  (HR)
76 n 66 (DEG)

DTIC QUALITY INSPECTED 3

deposition rate by precipitating electrons is shown. The remaining panels contain the same information as those in Plate
1. T, is the clectron temperature, N; is the ion density, U, (U,) is the zonal component of the neutral (ion) wind, V,
is the meridional component of the neutral wind, W, (W,) is the vertical component of the neutral (ion) wind. T, is the
neutral temperature, n(N,) is the number density of molecular nitrogen, and n(O) is the number density of atomic
oxygen. The invariant latitude. universal time, altitude, magnetic local time, and geographic latitude are given at the

bottom.

~15 min after the initiation of the simulated auroral arc.
While the cooling observed in the WLT model was attributed
to waves and the observed cooling seems to persist longer
than is appropriate for waves, the idea of adiabatic cooling
due to vertical transport may apply.

To determine whether adiabatic cooling can account for
such a large reduction in temperature, we performed a
simple calculation using a vertical wind of the magnitude
observed within the arc. First, we estimated the altituds
change for parcels of gas in the region of the arc, using
compositional measurements as a reference. The observed
N,/0 ratio was higher (0.17) at the location of the auroral arc
(see bottom panel in Figure 5). This ratio provided an
estimate of the altitude where the individual gas parcels
originated. According to the MSIS-86 (mass spectrometer
and incoherent scatter 1986) model [Hedin. 1987), N,/O is
approximately 0.17 at an altitude of 282 km. where the

neutral temperature T, is 1027 K and the neutral density p,
is 5.24 x 107! gicm’. In the region near the arc {bottom
panel of Figure 5), N,/O is ~0.13, approximately the
MSIS-86 value at 304 km, where T, = 1032 K, and p, = 3.46
x 1071 g/cm3 . A simple calculation of the adiabatic cooling
for parcels of gas moving from an altitude of 282 km to 304
km (T,p,%* = T,p,%*) gives a final temperature of the
parcels, T;, of 870 K. The temperature dropis T, — T3 =
162 K. This temperature difference, based on adiabatic
motion of the parcels, is commensurate with that observed
by DE 2 (~100 K). Nonadiabatic heating processes. such as
particle precipitation, would explain at least part of the
difference.

Although the measured zonal velocities were higher than
those modeled. this difference is consistent with the stronger
electric field and higher ion densities in the observations than
were used in the models. Caution is necessary, however,
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since the increased forcing resulting from a stronger electric
field will not necessarily lead to higher neutral wind veloci-
ties. because of the resulting enhanced crosswinds [Fuller-
Rowell, 1985). The electric field in the dusk auroral oval
(50-75 mV/m), derived from the measured ion winds. was
slightly stronger than that used in the FR and WLT models
(see Table | and Figure D).

Larger ion densities may be responsible for the observed
zonal winds being stronger than the modeled winds. When
the ratio of the ion-neutral collision frequency to the ion
gyrofrequency is << (approximately true at 310 km), the
ion drag force on the neutral atmosphere is simply propor-
tional to the collision frequency of ions and neutrais. This
collision frequency is directly proportional to the ion density
and is not significantly influenced by the neutral density.
Therefore the stronger forcing during orbits 1848 and 1849
might lead to the larger than modeled velocity of the neutral
wind (~500 mvs. zonal).

The measured meridional wind velocities were larger on
the poleward side of the maximum in {/, than on the
equatorward side. All three models predicted much weaker
meridional winds (~50 m/s) than were observed. Meridional
winds at high latitudes are strongly UT dependent. as a
result of the relative orientation of the geomagnetic and
geographic poles. Since the neutral winds typically flow
parallel to the auroral oval. it can be seen from Figure 3 that

a strong velocity component (meridional) parallel to the
satellite velocity vector should be observed. The FPI mea-
sured meridional winds of ~125 m/s equatorward of the
auroral oval (Plate 1 and Figures S and 7). The meridional
neutral winds at the lower latitudes are attributed to solar
heating. This wind allows the development of the strong
zonal winds according to Fuller-Rowell [1984].

The structure of the electric field on orbit 1849 closely
resembled that used by Walterscheid er al. [1985], who
based their parameters on the observations of Evans et al.
[1977]. The polarity of the measured electric field changed at
the center of the arc. like the electric field used in the model.
Similar electric field structures were seen in the dawn oval
tPtate ). The neutral winds observed in the dawn sector,
however. will be driven by the time-integrated effect of these
multiple convection features. leading to more complex local
behavior than is seen for the single quiescent dusk sector
arc. A more thorough comparison of the models and data
will require detailed matching of input parameters with
measured auroral arc features.

5. SUMMARY

A critical comparison between DE 2 satellite measure-
ments of upper thermospheric winds. temperatures. and
composition in the vicinity of a single. quiescent auroral arc
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with the predictions of three high-resolution models has been
performed. The experimental data were carefully selected to
provide an optimum comparison with the theoretical predic-
tions of the thermospheric response to localized auroral
forcings. The observed zonal neutral winds were larger than
those calculated by the models. probably because of the
weaker electric fields and lower ion and neutral densities
used in the models (see Table 1). The models also predicted
much weaker meridional and vertical winds than those
observed. An unexpected observation was a localized neu-
tral temperature minimum at the arc (A7 = 100 K). This
temperature drop probably results from adiabatic cooling
due to pressure changes resulting from vertical displace-
ments of the atmosphere. An increase in the N,/O ratio near
the auroral arc was observed, which is also attributed to the
vertical displacements from the Nj-rich lower thermo-
sphere. A rough estimation of the effects of adiabatic cooling
based on the observed auroral N./O ratio and the MSIS-86
model yielded a temperature drop of ~ 160 K, commensurate
with the observed temperature minimum if nonadiabatic
heating is also considered. Stronger upward winds in the
models might lead to mor: prominent adiabatic cooling

effects than have been predicted to date. Further theoretical
work with more realistic auroral inputs will be needed to
resolve the theory-experiment discrepancies.
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